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Abstract 

Small stakes of Scots pine (Pinus sylvestris L.) were 
partially buried with their grain perpendicular to the soil 
surface in either sterilised soil augmented with 
ammonium sulphate, or unsterile, unaugmented soil. 
The nitrogen content of the stakes in sterile soil was 
determined after eight days, and after two, four or six 
weeks exposure in unsterile soil. Nitrogen content 
increases were found in all regions of all the stakes. The 
nitrogen increases in the stakes exposed to sterile soil may 
have been caused by wick action. The nitrogen increases 
in the unsterile soil could have been caused by wick action 
or by microbial colonisation. The possible contribution of 
each process and the implications of wick action are 
briefly discussed. 

Wick action could be of importance in the nitrogen 
economy of timber in ground contact, and in the activity 
of wood decay organisms, and be exploited for the 
prevention of timber decay. 


Introduction 

The supply of nutrients, and particularly those contain- 
ing nitrogen, is a major factor affecting the decay of 
wood by micro-organisms, because the wood itself has a 
low nitrogen content (Cowling and Merrill, 1966). The 
nitrogen economy of decaying wood is not well understood, 
particularly in timber exposed to soil contact, where the 
wood is at its most vulnerable to decay. This lack of 
understanding is partly due to the combined complexity 
of the wood and the soil; partly to the variety of 
organisms, processes and nitrogen sources involved; and 
partly due to the difficulty of monitoring the nitrogen 
content. 

The problem of where the decay fungi obtain their 
nitrogen and the adaptation of basidiomycetes to a low 
nitrogen regime has been investigated by Levi and 
Cowling (1969). The overall nitrogen content of wood 
affects the amount it decays (Merrill and Cowling, 
1966), and the addition of nitrogen compounds to either 
the wood or the substrate enhances decay (Findlay, 
1934; Hungate, 1940), particularly by soft rot organisms 
(Butcher, 1976). The possibility that the modification of 
the nitrogen compounds in wood may be a means of 
timber protection has been investigated by Sharp 
(1974). 

The changes in the nitrogen content of wood during 
drying and soil exposure have been investigated by King 
(1975). who has shown that some of the nitrogen in 
green spruce is soluble and can be redistributed during 
drying (King, Oxley and Long, 1974) and that its 
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distribution affects the attack of timber by soft rot 
organisms. Henningsson (1968) has found that the 
component amino acids of the soluble nitrogen in wood 
support the growth of fungi. Friis-Hansen (1975) has 
shown that the attack of preservative treated timber is 
more rapid in well fertilised, cultivated soils than in poor 
forest soils, and Henningsson and Nilsson (1975) have 
found that nitrogen compounds may migrate into trans- 
mission poles in service from the surrounding soil. This 
increase in total nitrogen, found also in deteriorating 
litter, fallen dead wood and buried wood has been 
attributed to animals (Ausmus, 1977), fungi (Swift, 
1977; King and Waite, 1978), and nitrogen fixation by 
bacteria (Cornaby and Waide, 1973; Baines and 
Millbank, 1976). Whatever the source of additional 
nitrogen, and whether it is the carbon: nitrogen ratio 
(Levi and Cowling, 1969; Swift, 1977) or the nitrogen 
concentration (Park, 1976) which is limiting, the 
nitrogen content is of vital importance in the onset and 
development of wood decay. 

An additional process, which has not previously been 
investigated, and could increase the nitrogen content of 
wood in ground contact, is wick action (Baines and 
Levy, 1979). Wick action, occurring in a stake half- 
buried in ground contact with the grain perpendicular to 
the soil surface could cause the passage of considerable 
amounts of soil water (which could contain soluble 
nitrogen compounds), through the stake, with the 
deposition of those compounds at and above the ground- 
line where evaporation has been shown to take place. 

This preliminary investigation set out to measure the 
total nitrogen content in samples taken from sterilised 
softwood stakes half-buried in soil with the grain per- 
pendicular to the soil surface. Stakes were exposed in 
either soil that had been sterilised by autoclaving and 
with its nitrogen content augmented artificially by the 
addition of ammonium sulphate solution, or in unsterile, 
unaugmented, natural soil. 


Materials and methods 

Soil 

The soil was collected from the top 150 mm of the Old 
Farm site at the Imperial College Field Station, 
Sunninghill, Berkshire. The water holding capacity of 
the brown loam soil was found to be 28 per cent using the 
vacuum method described by Savory (1972). Some soil 
was autoclaved at 15 psi for 30 minutes before transfer to 
a sterile metal bin (200 x 200 x 100 mm). Unsterile, 
natural soil was transferred to a second bin, and the 
moisture content brought to 28 per cent by the addition 
of sterile distilled water. The sterile soil was brought to 
28 per cent by the addition of sterile distilled water 
containing 2 g ammonium sulphate. 
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Wood 

The surfaces of a kiln-dried plank of Scots pine (Pinus 
sylvestris L.) were cut off and discarded to exclude from 
the experimental stakes any wood containing nitrogen 
compounds accumulated as a result of the redistribution 
of soluble nitrogen during the seasoning of the plank 
(King, Oxley and Long, 1974). Stakes 50 x 20 x 20 mm, 
were cut from the sapwood, with two 50 x 20 mm faces 
in the tangential plane. The stakes were autoclaved and 
buried to half their length in the soil, with the grain 
perpendicular to the soil surface, which was then 
covered with a polythene sheet to limit evaporation. The 
sterile soil was incubated at 10°C and the unsterile soil at 
25°C. The soil moisture content was maintained in the 
unsterile soil by regular weighing and making up the 
weight lost by the addition of sterile distilled water. 


Sampling 

After eight days in the sterile soil, and two, four or six 
weeks in the unsterile soil, three stakes were removed. 
and each stake cross-cut into five equal-sized blocks. 
These were designated A and B above the ground line, C 
at the ground line, and D and E below the ground line. 
Radial sections, 30 u thick, were taken from blocks A. C 
and E of one stake at each sample time, stained in 
picro-aniline blue and safranin (Cartwright, 1929), and 
mounted for light microscope observation. Each of the 
blocks from the other two stakes were ground in a mill to 
pass a size 20 mesh, two 0-1 g subsamples were removed, 
weighed accurately and analysed for total nitrogen 
content. The micro-Kjeldahl technique (Umbreit and 
Burris, 1957) involved the use of salicylic acid and zinc to 
convert any nitrate present to ammonia during 
digestion. The ammonia was estimated by Markham 
distillation into borate buffer and back titration with 
hydrochloric acid (Humphries, 1956). Appropriate 
ammonium sulphate standards were analysed, as were 
30 samples of sapwood taken from the same plank as the 
exposed stakes to establish an unexposed, background 
nitrogen content for the wood. 


Results 

The background nitrogen content of unexposed Scots 
pine sapwood was 0-08 per cent + 0-007 (30). The results 
of the analysis of the exposed timber are given in Table 1, 
showing (a) the mean nitrogen content of six samples 


expressed as a percentage of their weight at room 
temperature, and (b) as the percentage increase that this 
amount represents over the background nitrogen 
content of unexposed samples. The results are given for 
blocks A to E from stakes exposed to sterile, augmented 
soil for eight days, and for blocks A, C and E from stakes 
exposed to unsterile soil for two, four or six weeks. 

The stakes exposed to sterile soil, augmented with 
ammonium sulphate. showed increases in total nitrogen 
content in all five sampled regions, above and below 
ground, after only eight days exposure at 10°C. In the 
stakes from the unsterile soil, the nitrogen content had 
increased after two weeks exposure and showed a 
continuing increase after four and six weeks. 

Figure | is a graph of the percentage increase in 
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Fig |. Percentage increase in nitrogen content plotted against the time 
of sampling for blocks A. C and E taken from stakes exposed to the 
unsterile soil. 


nitrogen content plotted against the time of sampling for 
blocks A, C and E taken from stakes exposed to the 
unsterile soil. 

The observation of sections revealed no hyphae in any 


TABLE | Total nitrogen in Scots pine stakes partially buried in soil 


Sterile soil Unsterile soil 
8 days 2 weeks 4 weeks 6 weeks 
Block % N content % Increase % N content % Increase % N content % Increase % N content % Increase 

A 0-093 + 0-004 17 0-083 + 0-002 0-087 + 0-003 9 0-090 + 0-004 13 
B 0-105 + 0-002 31 

C: 0-112 + 0-002 41 0-093 + 0-005 0-107 + 0-006 34 0-115 + 0-010 44 
D 0-119 + 0-003 48 

E 0-129 + 0-005 62 0-104 = 0-005 0-107 + 0-005 34 0-110 + 0-004 38 


blocks taken from the sterile soil. In the stakes exposed 
to the unsterile soil. in the two week sample there was 
some colonisation of the ray cells below ground. with 
fewer colonised at the ground line and no colonisation of 
any cell above ground. By four weeks there were more 
hyphae present in the rays and tracheids at the ground 
line than below ground, which was even more marked at 
six weeks. No hyphae were found in sections taken from 
the above ground blocks, at either four or six weeks. 

The bins lost weight as the experiment proceeded. 
The weight loss was made up by adding sterile distilled 
water to the bins after each weighing, but the amounts 
were not recorded. 


Discussion 

The increase in nitrogen content, both above and below 
ground. of the sterile stakes in sterilised, nitrogen 
augmented soil, demonstrated the ability of the wood to 
absorb nitrogen compounds in solution from the soil and 
the transfer of these compounds longitudinally through 
the wood. Although the amounts may be unrealistic 
because the available nitrogen in the soil had been 
augmented. not only by the deliberate addition of 
ammonium sulphate solution but also as a result of 
autoclaving (Johnson and Curl, 1972), nitrogen 
compounds can be taken up and transported through the 
wood. The mechanism, in the absence of micro- 
organisms, may have been diffusion. but is more likely 
to have been wick action. 

The major loss of water from the soil in the experi- 
mental bins must have been through the wood, since the 
surface of the soil was covered. The amount of water lost 
cannot be explained by the uptake of water into the 
stakes. since this would not have caused an overall loss in 
weight. The implication is that the water lost had moved 
through the stakes. being absorbed below ground in the 
soil, carried above ground by wick action and then lost 
from the stake to the atmosphere by evaporation. The 
possibility that soluble nitrogen compounds could be 
carried into the wood in soil water, transported above 
ground and deposited at the site of evaporation, could 
explain the observed nitrogen distribution in the stakes 
exposed to sterile soil for eight days. 

In unsterile soil, the nitrogen increases found in all 
regions of the stakes were not as easy to explain, since it 
was difficult to assess the relative contribution of each 
possible source of additional nitrogen. Some could be 
due to soluble soil nitrogen absorbtion into the wood 
below ground and moved longitudinally by wick action 
or, in the absence of nitrogen uptake from soil. by the 
redistribution of soluble nitrogen in the wood by the 
same process. Some could be due to the nitrogen present 
in the colonising micro-organisms. some to the trans- 
location of soil nitrogen through fungal hyphae from soil 
to wood (King and Waite. 1978), some to the fixation of 
gaseous nitrogen by bacteria. and some to the release of 
nitrogen after the death of the micro-organisms. 

The results shown in Fig | can be explained by the 


effects of either wick action or of colonisation by micro- 
organisms. After two weeks exposure, soil water, 
presumably containing soluble nitrogen, will have been 
taken up by the stake, mostly below ground, with less 
water in the exposed portion of the stake, which reflects 
the observed nitrogen distribution. Simultaneously 
there will have been colonisation of the wood, mainly 
below ground. by bacteria and fungi. The presence of 
hyphae in the rays of below ground zones confirms that 
fungal colonisation had occurred. Bacteria could be 
present, although not visible at the magnifications used 
to observe the sections. 


At four and six weeks the nitrogen content below 
ground had only increased marginally, due either to the 
stake approaching water equilibrium or to the rate of 
colonisation lessening. The continuing increases at the 
ground line could be due to either the further 
colonisation and proliferation of the micro-organisms, 
as observed in the sections examined, or due to the 
deposition of soluble nitrogen at and above the ground 
line where the liquid water becomes vapour. The 
increases in nitrogen content observed in the region 
above ground where no hyphae were observed could be 
explained by either the deposition of soluble nitrogen or 
by the presence of bacteria. 

Thus the observed increases in nitrogen content can 
be explained by either microbial colonisation or wick 
action, or a combination of these. supplemented by 
nitrogen from fixation, redistribution, autolysis, etc. For 
example, if a fungal hypha is assumed to be 5 yw in 
diameter. with a density of 1 gem™ and a nitrogen 
content of 4 per cent. to achieve the observed increase of 
nitrogen content (16 per cent) in the ground line region 
of stakes partially buried in unsterile soil for two weeks, 
would require less than 10 per cent of the tracheids to be 
colonised. If a bacterium is assumed to be a cylinder 2 4 
in length and | u in diameter and with a density of 
| gem™ and a nitrogen content of 10 per cent, then to 
achieve the observed nitrogen increase would require 
only 0-06 per cent of the wood volume to be occupied by 
bacteria. Similarly, wick action could produce the 
observed increase in nitrogen content in less than 
10 days if the soil water nitrogen content is assumed to be 
5 ug mI”! and the rate of flow through a stake is 
0-25 g hr ' (Baines and Levy, 1979). 

King and Waite (1978) using totally buried wood have 
shown the importance of microbial colonisation and 
translocation by eliminating wick action. It remains to 
assess the significance of wick action in timber exposed 
to a more realistic situation than autoclaved soil. Its 
significance depends upon how much soluble nitrogen is 
available in the soil, whether it can be transported to the 
wood in soil water and taken up before it is absorbed by 
plant roots or immobilised by soil organisms, and 
whether nitrate can be utilised by the decay organisms. 
There is evidence that some basidiomycetes cannot 
utilise nitrate. unlike the lower fungi (Nicholas, 1965) so 
that wick action nitrate may be of no importance to the 
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growth of basidiomycetes but of considerable value to 
the soft rot organisms. 

The contribution of wick action to the nitrogen status 
of wood in soil contact, with both limited and unlimited 
microbial attack, in wet and dry soil with correspond- 
ingly different rates of wick action, in artificially 
controlled conditions in the laboratory and in the 
realistic conditions of field exposure, has been 
investigated and will be discussed in another paper. 


Conclusions 

Nitrogen may be transported from soil to wood by wick 
action and this process could make a significant contri- 
bution to the nitrogen economy of wood in ground 
contact. The implication is that nitrogen may not be a 
limiting nutrient in timber in ground contact and that an 
understanding of the nitrogen economy may have 
benefit in the prevention of decay. 
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